Introduction
============

Endovascular abdominal aortic aneurysm repair (EVAR) has over time become the preferred approach to treating abdominal aortic aneurysms (AAA) when anatomically suitable. One reason for this is that EVAR utilizes a minimally invasive approach that has been associated with reduced perioperative mortality, morbidity, and length of hospital stay.[@b1-vhrm-12-053],[@b2-vhrm-12-053] However, these initial benefits appear to be reduced over time. For example, recent studies have demonstrated increases in reintervention rates post-EVAR and a convergence of mortality rates after 4 years.[@b3-vhrm-12-053]--[@b6-vhrm-12-053] One explanation for this convergence may be an increase in late aneurysm rupture.[@b3-vhrm-12-053],[@b5-vhrm-12-053],[@b6-vhrm-12-053]

The most common indication for reintervention post-EVAR is the treatment of endoleak ([Table 1](#t1-vhrm-12-053){ref-type="table"}),[@b7-vhrm-12-053] defined as continued perfusion of the aneurysm sac despite endograft deployment.[@b7-vhrm-12-053] Type II endoleaks ([Figure 1](#f1-vhrm-12-053){ref-type="fig"}) are the most common, occurring in 10%--44% of patients and comprising approximately half of all endoleaks.[@b8-vhrm-12-053],[@b9-vhrm-12-053] Type II endoleak arises secondary to backflow from collateral arteries, most notably the inferior mesenteric and lumbar vasculature; however, they may arise from other aortic collaterals such as the median sacral artery or accessory renal arteries.[@b10-vhrm-12-053] Endoleaks with a "simple" inflow and outflow vessel may behave differently to "complex" type II endoleaks with a nidus of involved vessels. These complex leaks are hypothesized to behave like arterial--venous malformations, recruiting vessels over time, and may therefore be more difficult to embolize.[@b10-vhrm-12-053]

These can be subdivided ([Table 2](#t2-vhrm-12-053){ref-type="table"}) into early (occurring within 30 days of EVAR), persistent (those lasting longer than 6 months), or late (those occurring after 1 year) leaks. The significance of type II endoleaks has divided opinion, with some advocating a conservative approach,[@b7-vhrm-12-053] while others maintain early intervention is best to prevent adverse late outcomes such as sac expansion and rupture.[@b10-vhrm-12-053]--[@b12-vhrm-12-053] This review will discuss the imaging, management, and outcome in patients with isolated type II endoleaks following EVAR.

Imaging of type II endoleak
===========================

The European Society for Vascular Surgery recommends that within 30 days of EVAR, a baseline computed tomography angiogram (CTA) and plain radiograph should be performed.[@b13-vhrm-12-053] Following this, if no endoleak or component complication is identified, repeat imaging should be performed approximately every 12 months to identify the development of any complications and prevent rupture.

Plain radiographs are utilized during serial follow-up and are accurate in assessing stent malfunction, for example, migration, fracture, or disconnection. However, they provide no reliable measurement of aneurysm sac size or expansion.[@b13-vhrm-12-053] Duplex ultrasound (DUSS) is readily accessible and has several advantages in comparison to CTA ([Figure 2](#f2-vhrm-12-053){ref-type="fig"}), which include no risk of exposure to ionizing radiations or risk of contrast-induced nephropathy. However, DUSS has a lower sensitivity and specificity for endoleak when compared to CTA.[@b14-vhrm-12-053],[@b15-vhrm-12-053] Detection of type II endoleaks can be challenging; low-flow leaks may be missed completely, and overlap between different endoleaks can make classification difficult.[@b16-vhrm-12-053] Practical limiting factors such as body habitus and intervening bowel gas patterns also make the assessment of the aneurysm sac/neck difficult. Despite these limitations, DUSS is thought to be a satisfactory technique in detecting endoleak requiring intervention.[@b17-vhrm-12-053]

One approach to improving the sensitivity of DUSS in diagnosing endoleak is to use contrast-enhanced ultrasound (CEUS), which has been shown to demonstrate detection rates similar to those exhibited by CTA.[@b14-vhrm-12-053],[@b18-vhrm-12-053],[@b19-vhrm-12-053] Furthermore, its accuracy in detecting endoleak has been found to be equivalent to that of magnetic resonance angiography (MRA) and CTA albeit in a small cohort study.[@b15-vhrm-12-053] CEUS is more sensitive to blood flow direction, allowing dynamic, real-time visualization of both inflow and outflow arteries and hence improving identification and classification of endoleaks.[@b20-vhrm-12-053] CEUS, therefore, seems to be a feasible tool in the long-term surveillance after EVAR, and may better classify endoleaks missed by DUSS. Three-dimensional (3D) CEUS has also shown excellent correlation with CTA (*r*=0.935; *P*\<0.0001),[@b21-vhrm-12-053] however, its role in the diagnosis of endoleak remains unclear.

MRA has superior resolution and soft tissue differentiation and is therefore highly accurate in both diagnosing and classifying endoleaks.[@b22-vhrm-12-053] However, this imaging is not widely available and is both costly and time consuming, making it a less favored choice for EVAR surveillance. CTA is generally considered the gold standard in assessing endoleaks; however, due to its associated risks, many centers employ DUSS as first approach, followed by CTA to confirm or clarify any kind of complications seen.

The advantage of CT resides in its ability to acquire timely images from a number of different "phases". Noncontrast images are acquired first to detect high attenuating structures such as calcium or mural thrombus. Arterial and delayed phases are then used to visualize arterial structures and "late" events such as endoleaks, which are not necessarily visible during the arterial phase. Although this approach is sensitive in the detection of endoleaks, it precludes a higher radiation exposure than alternative methods such as dual-energy CT.

Dual-energy CT acquires datasets at two different photon spectra in a single acquisition, and hence a single contrast-enhanced acquisition yields both enhanced and nonenhanced data. It can be used to detect endoleaks with good accuracy and at a reduced radiation exposure.[@b23-vhrm-12-053],[@b24-vhrm-12-053] Chandarana et al detected six type II endoleaks using dual-energy acquisition. This was concordant with the data obtained from standard three-phase protocols, and radiation dose was reduced from 27.8 mSv to 11.1 mSV.[@b24-vhrm-12-053]

Similarly, Ascenti et al[@b25-vhrm-12-053] demonstrated a 28% reduction in radiation dose when comparing standard unenhanced and venous phase imaging (session 1) with virtual unenhanced and venous phase images with a colored iodine overlay (session 2). Both sessions detected 31 endoleaks in 74 patients, with 80.6% of these being type II leaks. Dual-energy CT may be used to detect endoleaks with good accuracy and at a reduced radiation exposure.[@b23-vhrm-12-053],[@b24-vhrm-12-053]

Type II endoleak and sac expansion
==================================

Current guidelines recommend intervention in patients with type II endoleak when the sac diameter is more than 10 mm.[@b13-vhrm-12-053] Type II endoleaks appear to be an independent risk factor for sac expansion;[@b7-vhrm-12-053],[@b26-vhrm-12-053]--[@b28-vhrm-12-053] for example, Cieri et al demonstrated a significantly higher proportion of aneurysm growth of over 5 mm in their type II endoleak cohort (*P*≤0.0001).[@b28-vhrm-12-053] Sac expansion over 5 mm was present in 15.1% of the patients in type II endoleak group in comparison to only 1.9% in the control group at 36 months follow-up.

Jones et al demonstrated freedom from sac enlargement (\<5 mm) at 5-year follow-up in 94.9% of those without, compared with only 28% of those with, a type II endoleak.[@b27-vhrm-12-053] Furthermore, they reported no significant difference in aneurysm-associated mortality (*P*=0.12)[@b27-vhrm-12-053] between those with and without type II endoleak. Similarly, El Batti et al concluded that sac expansion was most common in those patients with persistent type II endoleak.[@b12-vhrm-12-053] Another approach to understanding the risk of type II endoleak is measuring sac volume rather than size. Persistent endoleaks have been associated with inferior sac regression; for example, Kray et al demonstrated an 18% sac volume regression in the control group compared to only 5% in those with persistent type II endoleak.[@b29-vhrm-12-053]

Although type II endoleak appears to be associated with sac expansion (volume changes), the significance of this expansion on risk of aneurysm rupture remains unclear. Wyss et al found a significant association between sac expansion and rupture.[@b11-vhrm-12-053] Twenty-seven ruptures occurred in an EVAR population of 848 patients, with an average follow-up of 4.8 years. Sixty-three percent of these ruptures occurred more than 30 days post-repair and were associated with prior complications detected on follow-up imaging. Five of these 17 ruptures demonstrated evidence of type II endoleak with associated sac expansion (four were isolated type II endoleaks and one was associated with a concomitant type Ib endoleak).[@b11-vhrm-12-053],[@b27-vhrm-12-053] Conversely, other authors have shown no correlation. For example, Van Marrewijk et al demonstrated that sac expansion was significantly associated with type II endoleaks; however, there was no correlation with rupture or increase in aneurysm-associated mortality.[@b26-vhrm-12-053]--[@b30-vhrm-12-053] A recent systematic review article reported a low incidence of rupture in patients with isolated type II endoleaks (under 1%) of which 57% were associated with sac expansion.[@b7-vhrm-12-053] Sac expansion may therefore be a poor marker of risk in this population of patients; however, we do not currently have a more sensitive way of monitoring risk of rupture. As such, some authors suggest that consideration should be given to prevention of/or treatment for type II endoleak.

There is much debate regarding the significance of intrasac pressure and the benefit of monitoring such parameters. Some studies have suggested that blood pressure in the type II endoleak cavity may approach that of the systemic circulation. In a cohort of 17 patients with endoleaks, Baum et al found universally raised pressures and associated arterial waveforms. In 15 of these patients, pressure was equal to that of the systemic circulation.[@b31-vhrm-12-053] Furthermore, a high systolic pressure index (systolic sac pressure divided by arterial systolic pressure) has been shown to significantly correlate with persistent type II endoleaks over a follow-up of 12 months.[@b32-vhrm-12-053] Conversely, a systematic review by Hinnen et al concluded that the presence of a type II endoleak had no significant bearing on the natural progression of intrasac pressure.[@b33-vhrm-12-053] Indeed, the mean pressure index (mean sac pressure divided by mean arterial pressure) decreased during follow-up despite the presence of a persisting endoleak.[@b33-vhrm-12-053] Sac pressure shows a trend toward increase with increasing aneurysm diameter; however, as demonstrated by Dias et al in a cohort of six patients with type II endoleak, the pressure difference is highly variable.[@b34-vhrm-12-053] None of the aforementioned studies used rupture as an outcome measure.

Sac expansion and/or need for intervention may be predictable based on the results of CT imaging. For example, Keedy et al (58 type II endoleaks, 23 requiring reintervention for aneurysm sac expansion and 35 with stable sac diameters) revealed that the transverse diameter of the endoleak cavity showed a significant association with need for reintervention (*P*=0.007). Furthermore, a threshold value of 1.42 cm resulted in a positive predictive value of 0.71 and a negative predictive value of 0.82 when determining which patients required reintervention.[@b35-vhrm-12-053] The maximum diameter of the communicating vessel also reached significance. Similarly, Müller-Wille et al demonstrated that the strongest indicators for aneurysm sac enlargement were complex type II endoleak (involving the inferior mesenteric artery \[IMA\] and lumbar arteries) and the diameter of the largest feeding and/or draining artery.[@b36-vhrm-12-053]

Prevention of type II endoleak
==============================

Sac expansion and type II endoleak are possible contributory factors in late rupture after EVAR. There are several risk factors ([Table 3](#t3-vhrm-12-053){ref-type="table"}) for the development of type II endoleak, which include: number of patent lumbar arteries, diameter of lumbar arteries (larger arteries tend to be associated with persistent endoleak, while lumbar arteries \<2 mm appear to cause a transient endoleak), patency of the IMA, proportion of aneurysm sac lined with thrombus, and maximum thrombus thickness.[@b37-vhrm-12-053],[@b38-vhrm-12-053] Güntner et al found that patients with a type II endoleak arising from the IMA had a significantly greater aortic cross-sectional area at the IMA ostium (*P*\<0.001) and also had significantly more patent aortic side branches prior to EVAR (*P*\<0.001).[@b39-vhrm-12-053] These variables were still statistically significant when analyzed using a multivariate logistic regression model. No patient with a preoperatively occluded or embolized IMA (26 of 322) developed a type II endoleak arising from this vessel.[@b39-vhrm-12-053] As such, some centers advocate preoperative or intraoperative embolization of patent aortic side branches to prevent a type II endoleak.

Fabre et al[@b40-vhrm-12-053] describe their experience of performing an intraoperative coil embolization of the aortic sac, in which they position a microcatheter between the aortic and aneurysm wall, inject 30 cm long coils (Interlock Fibered IDC Occlusion System; Boston Scientific, Marlborough, MA, USA), and stop the procedure after complete obliteration of the aortic sac. In their study, the mean cost of embolization was US\$1,100 for the coils, US\$90 for the catheter, and US\$200 for the additional operating room time. Among the 83 patients, one developed a type II endoleak and none of the patients developed ischemic complications, paraplegia, or renal failure. The sac diameter was significantly reduced at 6 (*P*=0.001), 12 (*P*=0.001), and 24 months (*P*=0.001) compared to the control population.[@b40-vhrm-12-053] Velazquez et al[@b41-vhrm-12-053] demonstrated in another small cohort (eleven patients) that nine (82%) of the eleven IMA-related endoleaks were successfully embolized by selective embolization. Parry et al[@b42-vhrm-12-053] similarly reported that IMA embolization was successful in 13 of 16 patients (81%), while lumbar embolization was successful in eight of 13 patients (62%), with no type II endoleaks. Ward et al demonstrated 100% technical success in an IMA embolization cohort of 108 patients.[@b43-vhrm-12-053] In a 24-month follow-up period, 34% of embolized patients and 49% of nonembolized patients developed type II endoleaks. However, increase in sac volume was significantly reduced in the embolized group compared to nonembolized group (26% vs 47%; *P*=0.03). Preoperative embolization was also associated with significantly fewer secondary interventions (one of 108 patients vs 12 of 158; *P*=0.13), the only recorded fatality being a complication of mesenteric ischaemia.[@b43-vhrm-12-053] Müller-Wille et al utilized the Amplatzer Vascular Plug type 4 (AVP-4) and found initial technical success (complete occlusion of the IMA) in 29 of 31 patients (two patients requiring additional Gelfoam to form an adequate seal). Plug sizes varied from 5 to 8 mm and were deliberately oversized by 50%--100% with respect to the subject anatomy. There was a significant reduction in IMA-lumbar type II endoleaks when compared with a control population (0/31 vs 11/43; *P*=0.002). In the embolized population, six early type II endoleaks were identified secondary to flow from lumbar arteries, and this was comparable with the incidence in the control group (6/31 vs 3/43; *P*=0.15).[@b44-vhrm-12-053]

Conversely, Gould et al found no significant difference in incidence of type II endoleaks after perioperative embolization but did note that during follow-up, the mean change in sac diameter was --0.5 mm in the embolized group compared to +3.11 mm in nonembolized population.[@b45-vhrm-12-053] Furthermore, Piazza et al reported the use of a standardized dose of fibrin glue and coils for sac embolization prior to EVAR and demonstrated that the lower incidence of type II endoleak in the embolized group was transient and by 18 months there was no longer a statistically significant difference. There was also no significant difference in sac volume increase.[@b46-vhrm-12-053]

An alternative technique has been described by Burbelko et al[@b47-vhrm-12-053] who evaluated the feasibility of visceral and/or lumbar artery embolization using Amplatzer plugs prior to EVAR. In their case series, all of the procedures were performed under local anesthetic via femoral access. The target vessel was catheterized using an angiographic catheter before a plug was introduced (diameter 30%--50% larger than the target artery diameter), and correct plug position was ensured. Although small (33 patients), this study presents a 100% rate of target vessel occlusion with no endoleak on CT follow-up.

These results demonstrate that preoperative/intraoperative embolization of aortic side branches is technically feasible, with variable success rates. However, this procedure is associated with some disadvantages, for example, longer procedure duration, longer fluoroscopy times, risk of coil dislocation leading to nontarget embolization, and higher costs. Given that many type II endoleaks spontaneously thrombose given time,[@b10-vhrm-12-053] these risks may outweigh any benefit gained.

Conservative management
=======================

Many authors believe that type II endoleaks are benign. Greenhalgh et al concluded that type II endoleaks are not associated with aneurysm rupture, drawing data of over 2,000 patients from the EUROSTAR registry[@b26-vhrm-12-053] which found a 1.8% rupture rate after 2 years, with no significant difference between those with or without type II endoleaks.[@b3-vhrm-12-053] Moreover, several studies have demonstrated a reasonable rate of spontaneous resolution of type II endoleaks with figures ranging from 35.4%[@b7-vhrm-12-053] to 80%.[@b27-vhrm-12-053] A recent meta-analysis comprising over 2,000 patients reported resolution of over 50% of type II endoleaks within 1 year of follow-up.[@b8-vhrm-12-053] One systematic review[@b10-vhrm-12-053] reported that from 1,515 isolated type II endoleaks, 35.4% resolved spontaneously with an overall rupture rate of 0.9%. Similarly, Silverberg et al found that 55 of 154 patients with endoleaks demonstrated spontaneous resolution within an average of 14.5 months and that three-quarters of all type II endoleaks appeared to resolve spontaneously within 5 years.[@b48-vhrm-12-053]

Sidloff et al in a retrospective single-center review demonstrated that 19% of patients developed type II endoleak over a median follow-up of 3.6 years, of which 54% spontaneously resolved within 6 months.[@b10-vhrm-12-053] Importantly, no difference was seen in aneurysm-related mortality or the rate of type II endoleak between the group with and without type II endoleak (suggesting no association between type II endoleak and graft migration).[@b10-vhrm-12-053] Taken together, these findings suggest a reasonable chance for type II endoleaks to thrombose spontaneously.

Walker et al[@b49-vhrm-12-053] recently reported -- from a large multicenter registry including 1,736 patients -- a median follow-up of over 32.2 months (interquartile range, 14.2--52.8 months). Their study demonstrated no difference in the overall all-cause mortality (*P*=0.26) or aneurysm-associated mortality (*P*=0.47) between patients who underwent reintervention and those in whom type II endoleaks were treated conservatively.[@b49-vhrm-12-053] Similarly, Karthikesalingam et al[@b50-vhrm-12-053] also demonstrated no significant reduction in sac expansion (*P*=0.60) or improvement in sac regression (*P*=0.69) when compared to patients treated conservatively (no intervention), selectively (\>5 mm sac expansion or persistent endoleak over 6 months), or aggressively (any type II endoleak or those persisting for \>3 months).[@b50-vhrm-12-053]

Walker et al[@b49-vhrm-12-053] analyzed 91 lumbar embolizations, 49 additional stents, and 29 direct sac injections for type II endoleaks. These reinterventions were technically successful in only 31.5% of the patients. Among the 82 patients who underwent reintervention for sac growth, 45.1% continued to have sac growth. The relatively poor success rate of interventions has previously been noted in several studies. Taken together, the available evidence has led many centers to adopt a conservative approach to the treatment of type II endoleak with minimal sac expansion.

Post-EVAR embolization of type II endoleaks
===========================================

Several methods to embolize troublesome side branches and prevent type II endoleaks have been described. Classically, the transarterial technique involves selectively embolizing the IMA (via the middle colic artery) or the feeding lumbar artery (via the iliolumbar artery) as appropriate.[@b51-vhrm-12-053] This may involve embolizing only the feeding artery, the aneurysm cavity itself, or both. The translumbar technique[@b52-vhrm-12-053] involves inserting a 19-gauge, 20 cm needle, under CT fluoroscopic guidance, through the right flank at the level of the endoleak, approximately 4--5 finger breaths from the posterior midline as measured from the spinous processes. The aneurysm sac is punctured, and endoleak is identified and embolized. Classes of embolic agent are described in [Table 4](#t4-vhrm-12-053){ref-type="table"}.

Transarterial embolotherapy
===========================

Percutaneous transarterial embolization is the most common first-line approach when treating type II endoleak. Transbrachial or transfemoral access may be used to access the inferior mesenteric or lumbar arteries via the superior mesenteric or internal iliac arteries,[@b16-vhrm-12-053] respectively. A recent systematic review reported a 62.5% overall success rate in 120 transarterial procedures;[@b10-vhrm-12-053] however, clinical success, which has been defined as no recurrent type II endoleak, appears to be highly variable with rates ranging from 15%[@b53-vhrm-12-053] to 89%.[@b54-vhrm-12-053] Haulon et al were successfully able to embolize 17 of 18 patients with type II endoleak (two were treated with coils, 15 patients with biological glue, and one patient with biological glue and microparticles).[@b54-vhrm-12-053] In their cohort, only two recurrent type II endoleaks were identified over a mean follow-up of 13.3 months. The aneurysm sac reduced in 13 patients (72%) and remained unchanged in five.[@b54-vhrm-12-053]

Bosiers et al[@b55-vhrm-12-053] reported midterm results (19.8 months, range 3--31 months), using Onyx in patients with persistent type II endoleak and sac growth \>5 mm. Onyx is a liquid embolic agent (ethylene vinyl alcohol copolymer dissolved in dimethyl sulfoxide) They included ten patients (13 endoleaks), of which 12 were successfully cannulated and all those had stable or reducing aneurysm sac size post-procedure. They also reported a rupture of the hypogastric artery (treated with a covered stent) and in one patient, extravasation of Onyx out of the aneurysm sac into the inferior vena cava.

Similarly, Abularrage et al[@b56-vhrm-12-053] demonstrated significantly higher medium-term success in those managed with Onyx. Onyx glue embolization was associated with a greater success rate when used as the initial secondary intervention (odds ratio, 59.61; 95% confidence interval, 4.78--742.73; *P*\<0.001), and the mean change in aneurysm sac diameter during follow-up was decreased in the Onyx glue embolization group compared to the non-Onyx group.

Sarac et al[@b57-vhrm-12-053] have published long-term outcomes for patients undergoing embolization procedures for type II endoleak. This included 95 patients (140 embolization procedures). In this cohort, they utilized glue (61%), coils (29%), glue and coils (7%), and Gelfoam (3%; Pfizer Inc., New York, NY, USA), revealing that 20% required further reintervention. These authors felt that coil embolization alone seemed to result in more secondary procedures being performed.

In contrast, Baum et al[@b53-vhrm-12-053] identified that recanalization of the original endoleak occurred in 16 of 20 superselective IMA embolizations when using microcoils. Postulated reasons for clinical failure include development of a retiform anastomosis, a new mesenteric leak after occlusion of the iliolumbar vasculature, or persistent flow through coils,[@b58-vhrm-12-053] possibly due to concurrent oral anticoagulation therapy.[@b59-vhrm-12-053]

Several other techniques have been described. Torres-Blanco et al reported a case of a 67-year-old male with a significant increase in sac diameter up to 96 mm and a previously failed IMA embolization.[@b60-vhrm-12-053] Using a femoral approach, the guidewire was passed between the iliac limb of the EVAR graft and the arterial wall to gain access to the aneurysmal sac. The endoleak was packed with coils and thrombin, and a postoperative CT at 9 months showed marked decrease in the size of the aneurysm.[@b60-vhrm-12-053]

Study design varies greatly with some centers aggressively treating[@b50-vhrm-12-053],[@b59-vhrm-12-053] all endoleaks irrespective of sac expansion,[@b53-vhrm-12-053],[@b54-vhrm-12-053],[@b61-vhrm-12-053] while others only treat secondary or persistent endoleaks.[@b62-vhrm-12-053] In addition, length of follow-up is generally poor, ranging from a matter of weeks[@b63-vhrm-12-053] up to 2 years.[@b54-vhrm-12-053],[@b61-vhrm-12-053] Poor results from transarterial intervention is mainly due to not "treating" the nidus of the endoleak. Kasirajan et al noted that failure was often the result of being unable to reach and coil the aneurysm sac,[@b59-vhrm-12-053] while Müller-Wille et al similarly suggested that "To achieve the best clinical results, complete occlusion of the nidus is mandatory."[@b64-vhrm-12-053] Future studies should aim to compare different embolents (in addition to techniques) in order to better understand the gold standard treatment when trying to thrombose a type II endoleak.

Translumbar and direct sac embolotherapy
========================================

Translumbar embolization and direct sac puncture are technically similar and involve advancing a needle through the retroperitoneum at the level of the endoleak under direct fluoroscopic guidance.[@b10-vhrm-12-053] It has been suggested that this intervention may lead to lower reintervention rates than its transarterial counterpart,[@b53-vhrm-12-053] with a recent systematic review suggesting a 76% success rate;[@b10-vhrm-12-053] however, in many studies, the translumbar approach was a second-line treatment, and therefore these findings require further investigation.

Uthoff et al conducted a single-center retrospective analysis of 19 type II endoleaks treated via a translumbar approach, and they demonstrated an initial technical success rate of \>88%; however, half of these patients were found to have a recurrent endoleak after 39 months of follow-up and two-thirds of these required a secondary procedure.[@b65-vhrm-12-053],[@b66-vhrm-12-053]

Various complications have been reported, the most clinically significant being a pulmonary embolus secondary to extravasation of glue in the inferior vena cava (IVC) and stent puncture leading to the development of a type III endoleak.[@b66-vhrm-12-053] There are few published studies involving the sole treatment of type II endoleaks via a translumbar approach; indeed, this technique is typically reserved for cases in which transarterial access has failed, and thus comparisons must be cautiously made to prevent selection bias.[@b16-vhrm-12-053],[@b65-vhrm-12-053]

Other techniques
================

Percutaneous transcaval embolization
------------------------------------

Success has been reported using a transcaval approach to the aneurysm sac,[@b67-vhrm-12-053] with promising 1-year recurrence rates and regression in sac size,[@b68-vhrm-12-053],[@b69-vhrm-12-053] in addition to a significant reduction in intrasac pressure.[@b70-vhrm-12-053]

Giles et al[@b67-vhrm-12-053] recently described a transcaval approach to embolizing the aneurysm sac for type II endoleaks. This procedure involves right femoral vein access, placement of a cannula into the appropriate position under intravascular ultrasound, intraoperative cone-beam CT, and venacavogram guidance. A trocar/catheter combination is then advanced through the cannula into the sac under fluoroscopic guidance before a sac angiogram and deployment of an embolent of choice. Technical success was reported in 90% of the procedures (29 patients) with no significant adverse events, although five patients required reintervention for sac expansion. Similarly, Gandini et al[@b70-vhrm-12-053] reported their experience with percutaneous transcaval embolization (nine embolizations of the sac and 17 embolizations of the feeding vessels). Over a mean follow-up of 25.9±11.0 months, four patients developed recurrent endoleaks; among them, three underwent reintervention and aneurysm rupture occurred in one patient. They suggest that transcaval sac embolization is the more successful procedure and that this is a feasible first-line option for the treatment of type II endoleak.

Laparoscopic/Endoscopic
-----------------------

In the presence of adverse features, for example, sac expansion, some centers advocate more invasive options including laparoscopic[@b71-vhrm-12-053] or open surgical repair.[@b72-vhrm-12-053] Touma et al[@b73-vhrm-12-053] described a laparoscopic left transperitoneal retrorenal approach to the infrarenal aorta. The authors advocate avoiding close dissection of the sac and starting with dissection and ligation of the IMA at a distance of 2 cm from the wall of the sac. Lumbar arteries are approached in the plane of the lumbar anterior longitudinal ligament before a laparoscopic clamp is placed at the aneurysm neck (in case of occult high-pressure endoleaks), then the sac is opened and thrombus is emptied to confirm no back bleeding. Kolvenbach et al proposed a similar technique in 2002.[@b74-vhrm-12-053]

Voûte et al[@b75-vhrm-12-053] described their experience with endoscopic sac "fenestration". This technique involves clipping all visible lumbar arteries through a retroperitoneal approach, with the IMA clipped laparoscopically (if necessary). Subsequently, the aneurysm was fenestrated allowing them to check for back bleeding and suture any remaining type II endoleaks. No perioperative deaths occurred in the eight patients reported over a median follow-up of 6.6 (range 0.6--8.6) years; however, only three patients experienced durable aneurysm sac shrinkage or stability. Wisselink et al[@b76-vhrm-12-053] reported a similar approach in a case report in which a postoperative CT scan revealed an unclipped lumbar artery just proximal to the aortic bifurcation requiring reoperation.

Open approach
-------------

In cases where there are adverse features for a laparoscopic approach, an open approach may be considered. The "sacotomy" technique was first described in 2002,[@b77-vhrm-12-053] requiring a midline laparotomy to expose the aneurysm sac that was subsequently opened. Bleeding vessels were over-sewn (with a nonabsorbable suture) before the sac was closed without the need for aortic clamping. Faccenna et al[@b78-vhrm-12-053] reported two cases of sacotomy (one aneurysm rupture and one elective case after several unsuccessful endovascular procedures) via a midline laparotomy. Similarly, sacotomy was used to identify the bleeding sources without aortic cross-clamping and/or endograft explanation.

In a review of 26 articles comprising 641 patients, the most common indication for open conversion was endoleak (62.4%), with type II endoleak comprising 26.8% of all cases with an overall mortality of 3.2%.[@b79-vhrm-12-053] Klonaris et al recently reported upon failure of endovascular aneurysm repair and the subsequent need for late open conversion. Eighteen patients underwent open conversion, ten of these secondary to a persistent type II endoleak with associated sac expansion. Six of these patients were able to undergo simple ligation of the culprit vessels, with no aortic cross-clamping and complete preservation of the original stent (attempted transarterial coil embolization had previously failed in two-thirds of these patients). The remaining four patients with type II endoleak required graft revision due to either iatrogenic damage or complete graft occlusion. Three of the 18 patients required emergency surgery with two cases of rupture: one due to a type Ia endoleak (resulting in the only perioperative fatality in the series) and the other secondary to a new-onset type II endoleak arising from the IMA.[@b80-vhrm-12-053]

Future possibilities -- endovascular aneurysm sealing
-----------------------------------------------------

Endovascular aneurysm sealing (Nellix™, Endologix, California, USA) has been developed with an appreciation that the persistent aneurysm sac post-EVAR is the most common cause of many post-EVAR complications including type II endoleak. Nellix™ utilizes polymer-filled endobags surrounding balloon-expandable stents that are covered with expanded polytetrafluoroethylene. These endobags are filled with a polyethylene glycol-based polymer containing 1% radiopaque contrast, which fills the remaining aneurysm sac, completely sealing the lumen. This mechanism should in theory completely exclude aortic side branches from the remaining sac, preventing type II endoleak.

A recent multicenter report (Europe and New Zealand), inclusive of 171 patients with a median follow-up of 5 months (range 0--14 months), noted that at final follow-up, four patients had developed type II endoleak, which constitutes 2% of the cohort.[@b81-vhrm-12-053] Although this suggests a lower incidence of type II endoleak when using endovascular aneurysm sealing, this result should be interpreted with caution due to the small follow-up time.

Brownrigg et al[@b82-vhrm-12-053] presented a single-center report of 105 patients treated with Nellix™ (2013--2014). Within their study, there were no type II endoleaks noted; however, only 30-day outcomes were presented. De Bruin et al[@b83-vhrm-12-053] assessed the feasibility of using endovascular aneurysm sealing in ruptured aneurysm. Although this study was small (five patients), there were no type II endoleaks in those who survived (three patients). One patient with a type 1 endoleak following insertion of a Nellix™ graft underwent an attempted embolization with Onyx. This was further complicated by the migration of Onyx into the stent limb causing a significant limb stenosis and requiring placement of a covered stent.[@b69-vhrm-12-053] The role of endovascular aneurysm sealing is yet to be fully understood, and although promising, the Nellix EVAS FORWARD Global Registry and the EVAS FORWARD investigational device exemption trial are ongoing.

Conclusion
==========

Endoleak remains the Achilles' heel of EVAR. As the available evidence suggests that type II endoleaks have a reasonable chance of thrombosing spontaneously and that many do not cause sac expansion with its associated risk of complications, many have adopted a conservative approach to the treatment of type II endoleak with minimal sac expansion (under 10 mm).

Due to a lack of evidence regarding the natural history of type II endoleaks and their association with adverse outcomes such as sac expansion and rupture, intervention is typically offered for persistent endoleaks and for those which demonstrate sac expansion (\>10 mm) or increased intrasac pressure. Unfortunately, optimal thresholds are not clear.[@b50-vhrm-12-053] Taken together, with relatively high reintervention rates,[@b53-vhrm-12-053],[@b56-vhrm-12-053] a careful risk versu*s* benefit review is important in addition to careful imaging to confirm there is no high-pressure endoleak ([Figure 3](#f3-vhrm-12-053){ref-type="fig"}).

The event rate of complications in patients with type II endoleak remains low. Therefore, large numbers of patients would be required in well-designed trials to examine outcomes in this challenging group of patients. Future studies should aim to compare not only different approaches to the treatment of type II endoleak, but also different embolents. More focus is needed on long-term outcomes and complications rather than technical success alone. A multicenter registry of type II endoleak intervention and outcomes would be ideal to uncover solutions to some of the remaining challenges in the management of this challenging group of patients.
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![Duplex image showing type II endoleak entering aneurysm sac post-EVAR (arrow).\
**Abbreviation:** EVAR, endovascular abdominal aortic aneurysm repair.](vhrm-12-053Fig1){#f1-vhrm-12-053}

![Reconstructed computed tomography demonstrating two type II endoleaks (arrow) seen as a blush anterior to the aortic stent graft.](vhrm-12-053Fig2){#f2-vhrm-12-053}

![Proposed management of type II endoleak.\
**Abbreviation:** EVAR, endovascular abdominal aortic aneurysm repair.](vhrm-12-053Fig3){#f3-vhrm-12-053}

###### 

Classification of endoleaks

  Type of endoleak                     Definition
  ------------------------------------ ------------------------------------------------------------------------------------------------------
  Type I endoleak                      Failure to create an adequate circumferential seal
  • Ia -- proximal attachment site     
  • Ib -- distal attachment site       
  • Ic -- common iliac artery          
  Type II endoleak                     Backflow of blood from aortic collaterals into the aneurysmal sac
  Type III endoleak                    Endoleak secondary to structural failure of endograft
  • IIIa -- component disconnection    
  • IIIb -- stent fabric disturbance   
  Type IV endoleak                     Related to graft fabric porosity
  Type V endoleak (endotension)        Continued high intrasac pressure following EVAR without evidence of continued aneurysm sac perfusion

**Abbreviation:** EVAR, endovascular abdominal aortic aneurysm repair.

###### 

Classification of type II endoleak

  Type II endoleak classification   
  --------------------------------- -------------------------------------------
  Early                             Occurring within 30 days of EVAR
  Late                              Occurring after 1 year of EVAR
  Persistent                        Present for more than 6 months after EVAR

**Abbreviation:** EVAR, endovascular abdominal aortic aneurysm repair.

###### 

Risk factors versus protective factors for type II endoleak

  Protective factors                               Risk factors
  ------------------------------------------------ -----------------------------
  Smoking                                          Patent lumbar arteries
  Peripheral vascular disease                      Diameter of lumbar arteries
  Patent inferior mesenteric artery                
  Proportion of aneurysm sac lined with thrombus   
  Maximum thrombus thickness                       
  Older age (\>80 years)                           

###### 

Classes of embolents

  Embolent                          Mechanism of action
  --------------------------------- -----------------------------------------------------------------------------------------
  Coils                             Reduce blood flow inducing thrombosis Cause vessel wall damage
  Amplatzer Vascular Plug           Plug the vessel wall, damaging the wall and promoting thrombogenesis
  Particulate embolization agents   Reduce blood flow, initiating thrombosis and promoting angionecrosis of the vessel wall
  Gelatin foam/powder               Forms a cast of the vessel forming a surface for thrombogenesis and occlusion
  Tissue adhesives (glue)           Forms a cast of the vessel and incites an inflammatory response
  Sclerosing agents                 Directly toxic to the tissues, inducing tissue necrosis
